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Introduction
Clostridium perfringens is among the normal intestinal
inhabitants of humans and animals, and is widely distrib-
uted in sewage, rivers, the sea and soils in nature. This
bacterium is known to cause severe infectious diseases
such as gas gangrene, suppurative infections, and sepsis.
This section, addressing food poisoning caused by this
bacterium, describes the bacteriologic characteristics and
etiologic features of the disease and outlines its epidemi-
ology, clinical manifestations and prophylaxis.
Bacteriologic characteristics and the pathophysiology
of infection [1, 2]
Clostridium perfringens is a species of genus Clostridium, a
genus of spore-forming obligate anaerobes.C. perfringens is
a nonmotile large gram-positive rods, measuring 3–9 lm in
length and 0.9–1.3 lm in width. This bacterium is also
called Welch Bacillus because it was discovered in 1882 by
an American pathologist, William H. Welch, as an etiologic
agent for gas gangrene. The optimal temperature for growth
of this bacterium is higher (43–47C) than that of other food
poisoning bacteria; the mitotic time (about 10 min at 45C)
is also characteristically shorter. C. perfringens is known to
produce at least 12 different toxins (a, b, e, s, etc.) and is
classiﬁed into ﬁve toxic types (types A–E) in terms of the
pattern of toxin production. C. perfringens type A is the
etiologic agent in most cases of C. perfringens food poi-
soning or gas gangrene. The diarrhea-causingC. perfringens
is known to produce an enterotoxin. C. perfringens type A
isolated from food poisoning cases is enterotoxin-positive at
a rate of 80–90%, whereas the corresponding rate is less than
1–2% for C. perfringens type A isolated from healthy
humans, animals, or the natural environment. The above-
mentioned a toxin has phospholipase C activity (lecithinase
activity) and serves as a pathogenic factor by hydrolyzing
phospholipids that compose the biomembrane. This reaction
is observed as pearl formation, opaque halos around colonies
(Nagler reaction), when C. perfringens is cultured in egg
yolk agar medium (Fig. 1).
It is known that under poor growth conditions, C. per-
fringens forms oval spores at the edge of the vegetative cell
and thereby attains resistance to heating for 1–4 h at
100C. Therefore, even after other bacteria have been
killed by cooking, C. perfringens can survive in the form of
spores in the cooked food. In particular, since the central
portion of the food is in an anaerobic state, germination
occurs to initiate rapid growth of the bacterium when the
food is cooled to the optimal growth temperature. When
C. perfringens spores or cells which have multiplied in
food are ingested orally, they reach the small intestine and
begin to proliferate again in the anaerobic environment.
Enterotoxin production by C. perfringens is known to
concur with sporulation, and the actions of this enterotoxin
induce symptoms of food poisoning.
Epidemiology and clinical features of C. perfringens
food poisoning
According to the 2004 statistics on food poisoning in Japan,
about 28,000 food poisoning patients were registered
annually, and the most frequent etiologic agent was noro-
virus, followed by Salmonella, Vibrio parahaemolyticus,
Campylobacter and C. perfringens. About 1,300 patients
infected with C. perfringens were reported. Although the
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actual number of patients with this infection is not very high,
the number per outbreak is higher than among food poi-
soning cases caused by other bacteria. Food service facili-
ties, lunch shops, country inns and restaurants which deal
with large meal amounts often become sources of infection.
Because of this, C. perfringens is also called the ‘‘food
service germ’’ or ‘‘cafeteria germ’’ inWestern countries, and
food poisoning due to this bacterium is sometimes called
‘‘food service illness.’’
In Japan, the important causative food items include curry,
soup, meat balls, Chinese-style barbecued pork and sim-
mered vegetables (particularly with meat). Contamination of
meats (beef, pork, chicken, etc.) is often the cause of food
poisoning. This is becauseC. perfringens is indigenous to the
intestinal tract in animals as mentioned above, and because
reducing substances such as glutathione contained in meats
are apt to keep the cooked food in an anaerobic state. In
addition, germination ofC. perfringens spores is known to be
facilitated by heating, and heating also eliminates oxygen
from the food, fostering growth of the bacterium. This
explains why C. perfringens food poisoning is frequently
associated with consumption of curry, stew, soup and noodle
sauce which are cooked in large quantities the day before
serving and allowed to cool to room temperature in a large
vessel.
The incubation period ofC. perfringens food poisoning is
usually 6–18 h, with a mean of 10 h. It is rare for this type of
food poisoning to manifest 24 h or more after ingestion of
the etiologic foodstuff. The main symptoms are abdominal
pain and diarrhea (1–3 watery or loose stools per day in most
cases). Abdominal distention may occur, but vomiting and
fever are characteristically infrequent. Symptoms are gen-
erally mild, and usually improve in 1–2 days.
A diagnosis of C. perfringens food poisoning is conﬁrmed
when C. perfringens is isolated from the patient’s feces and
the probable etiologic foodstuff (105 CFU/mL or more), and
when the two isolates are demonstrated to be identical.
Since the enterotoxin positivity rate of normal intestinal
C. perfringens is low, it is possible to assess whether the
isolate is the cause of food poisoning on the basis of entero-
toxin producibility. In addition, the types of toxins associated
with the isolates from the patient’s feces and from the etio-
logic foodstuff should be compared, and detection of
enterotoxin from the patient’s feces should be attempted.
Treatment and prevention
Symptomatic treatment for abdominal symptoms repre-
sents the main treatment. In general, ingestion of a large
amount of C. perfringens bacteria at 108–109 CFU or more
is required for development of food poisoning due to this
bacterium. Therefore, it is most important in prophylaxis
against this disease to prevent the growth of this bacterium
in food. Namely, it is important to avoid leaving cooked
food at room temperature, to cool it as soon as possible,
and to store it at low temperature assuming that foodstuffs
such as meat are contaminated with this bacterium.
C. perfringens food poisoning is among the infectious
diseases anticipated to increase in connection with recent
changes in society, lifestyles and culture characterized by
an increase in large-scale cooking facilities, changes in
distribution and the habit of eating a meat-predominant
diet. It is necessary to have a good understanding of
characteristic features, pathophysiology, and preventive
measures for this disease. If food poisoning due to this
bacterium or other pathogens is suspected, the physician in
charge should report the case to a local health center within
24 h of presentation.
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Fig. 1 Colonies of C. perfringens growing in egg yolk agar medium
Pearls, opaque halos around colonies of C. perfringens, are seen
(positive Nagler reaction)
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